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COMPUTER ANALYSIS OF CONFORMAL PHASED ARRAYS

INTRODUCTION

In recent years, considerable interest has been shown in conformal arrays. They are
presently under consideration for the range instrumentation aircraft at the Pacific Missile
Range. Predicting the far-field pattern and polarization of conformal arrays is complicated,
due to the arbitrariness of a conformal surface and the different orientations of the radiating
elements. In this report a systematic approach of analyzing conformal arrays is described
which can be conveniently implemented on a digital computer to render a numerical solution
with the assumption that the location, orientation, and the radiation pattern of each element
in the conformal array is known. A computer program is written to implement this method
and is included in this report. The program is formulated in such a general way that the
array size, location, element spacing and the curvature of the conformal surface can be
varied with a minimum of change in the program. By including proper input data cards
and the subroutines, the program can be used for the arrays on a general conformal surface
or well-defined surface like that of a circular cylinder, circular torus, cone, or a plane. In
the case of a general conformal surface, the position and orientation of each element are
supplied as input data to the program. The position of an element is specified by three
components in the rectangular coordinate system, referenced, to a point on the array surface.
The element orientation is specified by three coordinate rotation angles. When specialized
to a circular cylinder, circular torus, or plane, only the number of elements, the array aper-
ture, and the radius of curvature in x and y directions need be specified. For a plane, the
radius of curvature is specified as zero. For a cone, the number of rows, the base radius
of curvature, the arc angle, the cone angle, the spacing between the rows and the inter-
element spacing along the base need be specified. In all cases the element pattern could
be specified as a horizontal or a vertical dipole. In addition an exact phase or an appro-
ximate phase (row-column phasing) can be selected for scanning the beam for a circular
cylinder. Array patterns can be obtained for any polar-angle cut over an angular range of
± 90°. The computer gives a printed output and a plot of the radiation patterns. Cross-
polarization, if any, will be plotted on the same curve.

FAR-FIELD PATTERN

Given a current source, the magnetic-potential vector A satisfies the vector Helmholtz
equation

V2 A + k2 A =J. (1)

Note: Manuscript submitted September 16, 1974.
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where k is the free-space propagation constant and J is the current density. It is well known
that the solution of this equation is

A g J(r') e-jkR (2
4ir )v' R

where R is the distance from the source point to a field point and s' is a position vector from
a reference point to the source point.

The radiation H and E fields are respectively

e-3kR
H =-| J (r) X 7 dv'

JVI 4wrR (

and

1 r / e-VkR 
E =- P VIJ X V dv'. (3b)

Jcoe0 J v' \4wR

The far-zone region corresponds to a region in which the radiation field predominates
and hence is the region of most interest in connection with antenna radiation characteristics,
The far-zone region is characterized by the condition that r (the distance from the reference
noint to a field nointl is much greater than thhe maximumm value of r' and also much greater
than the free-space wavelength X0, that is' kr > 1; using the binomial expansion, we have

R = [r - r [= r - r .r'

where i is a unit vector along the r direction, We now approximate (I/R) e-dkR by
(1/r) exp (-jk(r - i - r')7. Retaining the terms with the factor (l/r) only, we find

4 = r e-kr J J X i exp (jki - r') dv' (4a)
47rr

and

E = -t i X H, (4h>

where tn isj the free-snaer charnei~ristirc imnpifinnco From thespe two equations it is evident
that both H and E are transverse-field limits in the plane which is perpendicular to the
radius vector r.

Let us assume that

2
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1k
H = (Ho 0 + H'P 0 );

4nrr

then

4vrr (Hl, so - Ho ).

The complex Poynting vector, which yields an average power density, can be written as

P = Re E X H*
2

= [- [ Ho 12 + -ff H2] (5)
(47Tr)2 2 2 '

Therefore the antenna pattern, or the average power density, can be separated into two
n -- -A- --..- - -- -An4-1 nv ti .,,~~nh4A nrnnncomponents; one -is the U P-fo1aLIzU cmo111nU11C11U, aUnu teoh ULIIUL 10 t oliL cmpt nt.

Thus the 0-polarization and Dp-polarization components of an antenna radiation pattern
are determined if either the H or E field is known.

The prior derivation is based on an electric current source. In the event of a magnetic
current source, similar results would be arrived at. For detailed derivations, readers are
referred to Refs. 1 and 2.

Let us assume an array of antenna elements. By the principle of superposition, the
rsulant radiatin field of fttom asray i the Umil of each inrl-iziriual antenna elemnt's

radiation field. Hence

n 

- _ ek_ r z in (r'n) X r exp (jki rn) dv' (6)
4irfr n Jvn r)a 0

One notices in the previous equation that r is the magnitude of vector r, which is a position
vector from a common reference point to a field point, while iO is a unit vector along this
direction. This is depicted in Fig. 1.

Next one may introduce a reference point on each antenna element; the position
vector from the common reference point to the reference point on an element is rno.
Therefore

rin = r'no + r"n

3
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where r'n is a vector from the element reference point to the current source point.
Equation 6 then becomes

if = - e -kr X h. exp jk? r'n n (7)

where

hO, #4 = v, J0 (r'h) X r exp (k; - r% ) dv'!

The h. is a function of e and yp and can be viewed as an element pattern. Of course, in
the previous formulation, a common coordinate to all elements is used, as shown in Fig. 1.
The. curwnt nflsti. 1utin and a n tenlnna shbapen v" must b+e describhaed in +1thic cornmon, noorninsiate
system. In a planar array, all antenna elements are oriented in the same direction; if the
array elements are identical, then this element pattern can be factored out. Thus it is well
known that in a planar array the antenna pattern is the product of the array pattern and
element pattern. However, in a conformal array, the elements may be identical but they
may have different orientation. Hence the element patterns are not identical in common
coordinates, and therefore they cannot be factored out. Thus the problem of computation
of the array pattern function is far more complicated. Furthermore, due to this difference
of orientation, the polarization does not maintain the simple relation as in a planar array.

Figure 2 shows the coordinate system of a general conformal array under consideration.
The position of the nth element in the array is given by a radius vector R a from the
reference point as

Bn = (x0 , Yn' Zn), (8)

and the element pattern is assumed known in a different primed coordinate system and is
given by En(0' , f' L The appropriate expression for the far-field pattern of a conformal
array can he written as

N

F(0, so) A0nE (%. wp')exp fjkR0 (h - ko) (9

where n=1

R = (sin 0 cos p, sin 0 sin up, cos 0),

RB = (sin E0 cos son, sin 00 sin 9p, cos

An = the excitation coefficient of the nth element,
k = the free-space wavenumber,

(0, Ah = the spherical polar coordinates of the conformal array,

(Wn', #"n) = the primed spherical coordinates in which the far-field, expression
for the nth element is known,

4
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Fig. 1 - Coordinate system for antenna elements n and m
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Fig. 2 - Coordinate system of the conformal array
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and

(00, yo) = the direction of the pattern maximum in the unprimed coordinate
system.

Equation (9) is expressed in mixed coordinates to conveniently represent the far-
field pattern. However, to complete the radiation pattern F(O, so) of a conformal array,
it is first necessary to transform the element patterns to a common coordinate system
(unprimed coordinate system) and then to express the element pattern in terms of the
unprimed coordinates 0 and V. This can be done most conveniently using a coordinate
transformation, as will be discussed in the next section.

COORDINATE TRANSFORMATION

The element pattern is assumed known in a primed coordinate system and has the
general form

E (0', p') = E0t (0', ai') 0' + E(O', p')', (10)

where E., and E,, are 0' and p' components. The radial component is not included in
En- (10X hecause the interest here is in the far-fieTd radiation nattern. The subserint n is
ommited in Eq. (10) for brevity.

It is also assumed, as noted earlier, that the element position in the array is specified
in rectangular coordinates with respect to a reference point on the conformal surface and
that each element orientation is specified by Euler angles tx, ty, t, with respect to the
unprimed rectangular coordinates x, y, and z. Therefore, to transform the element pattern
given in Eq. (10) from primed to unprimed coordinates, it is first necessary to transform
the pattern into primed rectangular coordinates and finally to unprimed polar coordinates.
These~ +rnflnqrmiatvionn nan he ronroconintl hr theo fnllnnrina rvinriv fnrm~ilsitine-

ER O,(0E
Eo 0, 0) ORP I ERm [D PR I Eq,0 (11 ~)
E, (0, 0 EV~ W, V'3

where ID'PR [ is the matrix which transforms the primed polar coordinates to primed
rectangular coordinates; the subscript PR means polar to rectangular coordinates. The
matrix 3 RM I transforms primed to unprimed rectangular coordinates. The matrix IDaR 
transforms unprimed rectangular to polar coordinates; the subscript RP represents rectan-
gular to polar coordinates. The forms of these matrices is obtained next. It is well known
that the transformation from polar to rectangular coordinates can be represented in
matrix form as

6
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e| ER'I uiox

where the transformation matrix ID'PR I is given as

sin 0' cos 9p' cos 0' cos p' -sin ip'

ID'PR I | sin 0' sin p' cos 0' sin p' cos p' . (13)

cos 0' sin O' 0

This matrix is known to be real orthogonal. If ID'RP I is the inverse of ID'PR I, for
an orthogonal matrix the following relation is known to be true:

ID'RP I = ID'PR I 1 = ID'PR F, (14)

where I D'pp IT is the transpose of I D'R L. Therefore the transformation matrix IDRP I
in Eq. (11) is given by the transpose of the matrix given in Eq. (13) with 0 and ep replacing
0' and qo'

As mentioned before, the matrix IRM I is used to transform a function from primed
to unprimed rectangular coordinates. since the far-field element paLtern is a function of
angular variables only, the coordinate transformation involves only the change in element
orientation. This can be obtained by three successive rotations about the three coordinate
axes. The first rotation is for an angle tx about the x axis. The orthogonal matrix between
the primed and unprimed rectangular coordinate systems for this rotation is

1 0 0

IC I 0 cos -sin . (

l0 sin tx Cos tX|

The second rotation is for an angle 4y about the y axis. The orthogonal matrix for
this rotation is

cos 4y 0 sin 4y
IBI 0 1 0 . (16)

-in Vy 0 c ngyly - - - T

7
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The third and final rotation is for an angle t, about the z axis. The orthogonal
matrix for this rotation is

Ai =

cos Cz

sin S,

Jo
-sin t,

cos Sz

0

0

0

11
(17)

In all three rotations the angle of rotation is positive when the rotation is clockwise
with respect to the axis of rotation. The overall transformation matrix may be written
as

lRM I= Al WI IdC. (18)

One should note here that the order of matrix multiplication is not commutative; thus the
sequence of these transformations is not interchangeable. Equation (9) can now be re-
written in the matrix form with the aid of Eq. (11) as

N

=3 A. exp [jkRn , (R - Ao)1 'DRP1 IRMlI PR

n=1

0

Es(Wo V) -" ) 9
E'P(' (0 )

However, the right-hand side is still expressed in primed coordinate variables 0' and V'.
These variables can be eliminated by considering the relations between the primed and
unprimed coordinate variables. The relations between rectangular coordinate variables can
be written as

x

HI I z', 

(20)

and the relations between the rectangular and polar coordinate variables are given by

x

Y

z

y7

.z'

sin U Cos 4p

= sin 0 sin 4

cos 0
I

sin 0' cos sot

= sin 0f sin p 

cos I'

(21)

(22)

8
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Substituting Eqs. (18), (21), and (22) in Eq. (20), it can be shown that

0' = cos-1 Z'(0', ) (23)

,' = tan 1 Y,(0 AP). (24)
x'(0, 42)

The ambiguity in the value of the arctangent function in Eq. (24) is resolved by applying
the same set of rules that one uses to determine the value of tan- 1 (y/x), where x and y
are the rectangular coordinate variables,

DESCRIPTION OF THE COMPUTER PROGRAM

A computer program has- been written in FORTRAN 1language nhi n, lop -o an Alots
the far-field pattern of a conformal array for a given set of array parameters and is included
as the appendix. The program is divided into a main program and several subroutines to allow
flexibility. The name of the main program is Coflaray (short name for conformal array).
The array element orientations (angles) and positions can be supplied as input data or can
be calculated using subroutine ELAGPO (short name for element angle and position). Three
separate ELAGPO subroutines were developed. The first one is for a doubly curved surface
with uniformly spaced elements; the second one is for a doubly curved surface with projected
uniformly spaced elements; the third one is for an array on a conic surface. Therefore, de-
pending on the conformal array under consideration, the corresponding ERTAGPO subroutine
should be used. It is also possible to write additional ELAGPO subroutines for any well-
defined conformal array, and they can be substituted for the ones written for this report.
Except for this ELAGPO subroutine, the other subroutines which should be included with
the Coflaray program, given in the order in which they are called in the program, are:

CODTRF - This subroutine computes the elements of the RM matrix, as
given by Eq. (18), for each array element.

DPRMAT - This subroutine computes the elements of the matrices I D'PR I
and IDpR I for each array element as given by Eqs. 113 and 1 AI)

ANGTRF - This subroutine computes the relations between primed and
unprimed coordinate variables, as given by Eqs. (23) and (24).

ELPAT - This subroutine is used to select the array element pattern as
either that of a vertical dipole or a horizontal dipole.

MATMUT This subroutine performs the matrix multiplication shown
in Eq. (11).

FRAME - This subroutine is used to establish the coordinate-system frame to
plot the radiation patterns.

PENCHG - This subroutine is called in the FRAME subroutine to change to
a different pen in plotting.

REZERO This subroutine is used to reset the origin if more than one plot
is desired in any given computer run.

9
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The programn requires four data cards. The first data card should contain six variables
in an integer format of 615. These variables are:

NE - Number of elements in the array. If the subroutine ELAGPO is to be used,
NE should be less than or equal to zero.

NC - Number of antenna nattern rntS required in in nlane

NP - Number of points at which the antenna pattern is calculated and plotted.
LLL - Controls the amount of printout needed:

If LLL = 0, printout for diagnostic purpose;
LLL = 1, print element positions and rotation angles;
LLL = 2, print pattern function only;
LLL > 2, no printout.

LBP - If it is zero, the scanning is obtained by using row-column planar-array
phasing. If it is one, exact conformal-array phasing is used.

NBP - Number of phase-shift bits used in digital phase control. If NBP is
greater than 10, analog phases are assumed.

The second data card (or set of cards) depends on whether or not the ELAGPO sub-
routine is needed. If it is needed, then which particular ELAGPO subroutine is used. First,
we will discuss the set of data cards needed when the ELAGPO subroutine is not used. In
that case the data cards should contain all the element positions, the element orientations
(rotation angles), and the specification of the ground plane. The data cards should conform
LA s1hek &kJL~LkJ-VLrlt read an.d ormnalt st~aLeUerts:11b 

READ 101, ((W(L,J), I = 1, NE), J = 1,3),

READ 101, ((G(I,J), I = 1, NE), J = 1,3),

READ 100, (LG(I), I = 1,3),

101 FORMAT (8F10.6),

100 FORMAT (6I5),

where

W(1,J) are the element positions,

G(I,J) are the element rotation angles,

and the

LG array specifies the ground plane of radiators as follows:

If LG(1) = 1, LG(2) = LG(3) = 0, the ground plane is the zy plane;

LG(1) = LG(3) = 0, LG(2) = 1, the ground plane is the xz plane;

LG(1) = LG(2) = 0, LG(3) = 1, the ground plane is the xy plane.

10
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When the subroutine ELAGPO is used to compute the array element positions and
orientations. the second data card contains the description of the conformal surface and
the array dimensions. For a doubly curved surface (with uniformly or projected uniformly
spaced elements), the second data card should contain seven variables conforming with the
format of 215,4F10.6,12. These variables are:

?Mfl 'V - Nube o-f collmi n- 4-hx directiorn

NRY - Number of rows in the y direction
AX - Aperture in the x direction, in wavelengths

AY - Aperture in the y direction, in wavelengths

RX - Radius of curvature in the x direction, in wavelengths

RY - Radius of curvature in the y direction, in wavelengths

LP - If LP = 0, the array element is a horizontal dipole; if LP = 1, it is a

vertical dipole.

When the subroutine ELAGPO for a conic array is used, the second data card should

contain eight variables conforming with the format 15,5F10.4,215. These variables are:

MpA - Xfl1-1-nrrf,.nxc

RB - Base radius in wavelengths;

ARC - Cone arc (in degrees) occupied by the array;

TGC Cone angle in degrees;

DX - Spacing in the x direction, in wavelengths;

DY - Spacing in the y direction, in wavelengths;

LP - If LP =0, the array element is a horizontal dipole; if LP = 1, it is a

vertical dipole;

LRT - If LRT = 0, the array element distribution is on a rectangular grid;

if LRT = 1, it is on a triangular grid.

The third and the fourth (or last two) data cards should contain the angular range and

the plane in which the radiation pattern is desired. The third data card should contain one

or more values of ~p [FI(I) in degrees] defining the plane or planes in which the radiation

pattern is desired. This data should conform to the format SF10.6. The last data card

contains four variables conforming with the format 8F1 0.6; these variables are:

FIO - Scan angle ~pco in degrees;

TAO - Scan angle O0 in degrees;

TAPI - Initial value of 0;

TAPEF Final value of 0 over which the radiation pattern is desired.

11
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EXAMPLES

A few examples of computing the radiation patterns of a conformal array are included
here which illustrate several features of the program.

The first example considered is uniformly spaced circular-arc array with 32 elements,
as shown in Fig 3. The individual eiemerits Me uilled to bevertical udoes (dipoles
normal to the array plane). The array aperture in the x direction (projection of the array
arc onto the x axis) is assumed to 15.5X, so that the average interelement spacing in the
projected plane (x axis) is 0.5X. The interest here is to find the radiation pattern when
scanned to 15° in the array plane (p = 00 plane). Since the interest is in an uniformly
spaced circular-arc array, the subroutine ELAGPO for a doubly curved surface with uni-
formly spaced elements is used. The four data cards for this example have the following
values:

fl..4... fl.arA Id 1 T:TE' XTl-I TVXfl=Ot T T T -O T flfl-¶ NTflfl- I

Data Card 2: NCX=32, NRY=1, AX=15.5, AY=O., RX=12.66333, RY=O., LP=1

Data Card 3: FI(I)=0.

Data Card 4: FIO=O., TAO=150, TAPI=-90 0 , TAPF=9 0 0.

Using these data cards, the computer prints (printout not included here) the values of
the normalizing factor, the normalized values (expressed in dB) of the radiation field at 361
values of 8, with increments of 0.65 over the interval - 90 < 0 < 90, and the steering phases
used scan the bem In dLls example it is specifLied (LBP t use co- -6 n.

phases. The computer output includes a plot of the radiation pattern which is shown in
Fig. 4.

The second example is the same as the first example except that the array elements are
assumed to be projected uniformly spaced (when projected onto the x axis they have equal
interelement spacing) on the circular arc, as shown in Fig. 5. The advantage of this type
of distribution is that the pattern can be scanned using simpler row steering of a uniformly
spaced linear array [3], as will be illustrated in Example 3. The data cards for Example 2
are the same as those ut Ex'amiple 1. However, the suburoutine ELAGPO for a doubly Curve
surface with projected uniformly spaced elements is used instead of the one used in Example
1. The computed radiation pattern is shown in Fig. 6.

The third example is the same as the second example, except for the steering phases
used to scan the array pattern. In this example, approximate steering (linear array steering)
phases are used instead of the correct steering phases. So the data cards are the same as
that of Example 2, except that the value of LBP in the first data card is changed from 1 to
0. The ELAGPO subroutine used is the same as that used in Example 2. The computed
radiation pattern for this example is shown in Fig. 7.

The fourth example considered is a 7-by-13-element, uniformly spaced array on a
circular cylindrical surface, as shown in Fig. 8. The array apertures are assumed to be
3S in the x direction and 6?. in the y direction. The radius of curvature of the circular

12
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Fig. 7 - Radiation pattern of a projected uniformly spaced circular-arc array, scanned
to 150 by applying linear-array phase steering
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cylinder is assumed t be 5.1816X. To obtain a broadside pattern in the p = 0 plane (xz
plane), the data cards should contain the following values:

Data Card 1: NE=O, NC=1, NP=361, LLL=2, LBP=4, NBPF11

Data Card z: NCX=7, NRY=13, AX=S.0, AY=6.0, RX=5.L816?, Y=RO., LP=I

Data Card 3: FI(I)=0.

Data Card 4: FIO=O., TAO=OT, TAPI=-90 0 , TAPF=90&.

Using the subroutine ELAGPO for a doubly curved surface with uniformly spaced elements,
the radiation pattern plotted by the computer is shown in Fig. 9. The step changes noted
in Fig. 9 and some of the later figures are the result of the provision provided in the program
which makes it possible to drop the element contribution whenever the element becomes
inviible (due to the curved surface) from the point at wmhcn the radiation field is esing
computed.

The fifth example is a 7-by-13-element, uniformly spaced planar array. The array
apertuires inthe v xatydiretons are assmsed to be the samne as that of Example 4. The
broadside pattern in the q = 0 plane for this planar array can be obtained using the same
ELAGPO subroutine and data cards as those of Example 4 by simply changing the RX
value to zero in Data Card 2. The radiation pattern for this planar array is shown in Fig. 10.

-90-8D 00 BO S0 4C-z-a-l z10 20 30 60 50 60 70 80 0

RZIMUTH PNGLE fDEGHEES)

Fi;,. 0 - Ra;iaf-in pattern of a- ,naforn-ly snpaced circunrncy.Nn.r o.r ,
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Fig. 10 - Radiation pattern of a uniformly spaced planar array

The sixth example is a 7-by-13-element array on a conic surface with a base radius of
137.46X and a cone angle of 70. There are seven rows, and each row contains 13 elements.
The spacing between the rows is assumed to 0.5X; the interelement spacing along the base arc
is also assumed to be 0.5X. It is assumed that the array elements are vertical dipoles and
that a rectangular grid arrangement is used. The coordinate system applied to this array is
shown in Fig. 11. The following values for the data cards are used to obtain a pattern in the
p = 0 plane with zero scan angles:

Data Card 1: NE=O, NC-1, NP=361, LLL=2, LBP=1, NBP=11

Data Card 2: MM=7, RB=137.46, ARC=2.55, TC=70 , DX=0.5, DY=0.5, LP=1, LRT=0

Data Card 3: FI(I)=0

Data Card 4: FIO=0., TAO=O., TAPI= - 900, TAPF=900 .

The radiation pattern, obtained by using these data cards and the subroutine ELAGPO
for a conic surface, is shown in Fig. 12. Because of the conic surface, there is a cross-
polarization component which is plotted in the same figure as a separate curve. In this
example, the crosspolarization component is quite low because the radius of curvature of
the cnnic QiirfsoP is laroe andl fhe array sirfne napproximafto a planar slurfae.

The final example illustrates two additional and useful features of the subroutine
ELAGPO for a conic surface. The first feature is that this subroutine can be used for the
arrays on a circular cylinder by specifying the cone angle TC = 0. The second additional
feature is that a triangular grid instead of a rectangular grid arrangement can be specified.
In this example an array on a circular cylinder with a triangular grid is considered, as
shown in Fig. 13. To obtain a broadside pattern in the sp = 0 plane, the following data
cards are used:

17
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Data Card 1: NE=%, NC-1, NP=3,61, LLL=2, LBP=1, NBP=11

Data Card 2: MM=1O, RB'5.1816, ARC=33.167, TG=0., DX=0.75, DY=.666,
LP=1, LRT=1

Data Card 3: FI(I) = 0.

Data Card 4: FIO=O., TA(=O., TAPI=W90, TAPF=900 .

y

CONE ANGLE

Fig. 11 - Conic-surface array
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('PfclC DOl AQJ7ATIlMN

COMPONENT

\ - -A ft 7-
( 1 ~~~14

[IFI -1 I .FT I .I .........TF1TT I .,IFBVV mTFIFFFIII IIIIIT I1IIV III IIIIFIJJIIITB I111 II111 
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Fig. 12 - Radiation pattern of a conic-surface array
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Fig. 13 - Triangular-grid array on a circular cylinder
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F0e
CEn_

CE

H-
Cci

H-

-40-30-20-10 0 10 20 30 4n So 0Q t0
RZIMUTH RNGLE (DEGREE51

Fig. 14 - Radiation pattern of a triangular-grid array on a circular cylinder

The radiation obtained by using these data cards with subroutine ELAGPo for a conie
surface is shown in Fig. 14. Because of the large value of DX(.75), the radiation pattern
obtained by using a rectangular grid (not included here) will have high sidelobes. From Fig.
14 it is clear that the triangular grid has the effect of reducing thens sidelnhAe.
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PROGRAM COFLAR Y
COMMON/I 1/PLTAMMiAY(254) ,FMAT( 100093)
COMMON/2J;i/ lO'U3}, M) i., 1OOfOa)
CUMMON/3/RMATC 1000 s3 13 ) %DlAT l3 P3 ,ENMAT(3 , TEMPt 31
COMMON/4/F I ( 101
COMMON/ 5/DMATUP (3k3)
COMMON/6/LG(31.A(3)9B(3/
DIMENSION CRI3.CI (3 ,bP(lG00)

C ENTER PLOT FRAME PARAMtETERS
CALL PLUTS (PLTARkAY,2.54,i8
XM=9.0
YM=5.

SYM=SY+'YM
YSL=6O.
NY=60

C
C ENTER RANDOM NUMBER SEED

RS=TIMiFtXi
CALL RANFSET(RSI

C
C INPUT DATA
C G-ARRAYe THREE COORDINATE ROTATION ANGLES FOR EACH ELEMENT

C W-ARRAY ELEMENT LOCATIONS
C ROTATIONAL CONVENTl-tLCl>fIr FROM PR;IMED TO UNPRIMED COORDINATE
C IS CONSIDERED POSITIVE
C ROTATIONAL SEUUENCES-XsYsZ
C LG ARRAY SECIFliES THE GROUND PLANE OF RADIATORS
C LG(l-1V1LG(2)=LG(3)=0 ZY PLANE
C LG~l1=LGG31=O LU12)1*1XZ PLANE
C PLANE
C L6(I=LbI21=O9LGW3!=!vXY PLANE
C NE-NUMBER OF ARRAY ELEMENT
C NC-NUMbER OF ANTENNA PATTERN CUTS IN ANGLE Fl PLANE
C NP-NUMdER OF POINT OF ANTENNA PATTLRN TO BE PLOTTED
C LLL=OSET PROIT-UUT FUR DIAGNOSTIC PURPOSE
C IF LLL=ls PRINT ELEMENTS POSITIONS AND ROTATION ANGLES
C IF LLL2o PRINT PATTERN FUNCTION ONLY
C IF LLL GREATER THAN 2 NO PRINT-OUT
C LBP=O9,APPROXIMATE BY A PLANAR ARRAY PHASE
C LBP=lqWlTH CORRECT CONFORMAL ARRAY PHASE
C NbP, NO. OF PhSE SHIFT bLTS.iH NbP.GT.10 CORRCET PHASES ARE USED
C TAP¼iPATTERN PLOT STARTING ANGLr
C TAPFPATTERN PLOT FINAL ANGYLE
C
C ENTER INPUT DATA

KK=C
93 READ 100NENCNPoLLLLBPN8P

I Fl EOF .60199,91
91 IF(KKLU.O$GOU Tu 92

CALL RLZERk(XMI
92 KK=1

lF(NE.LL.OCGO TO I
READ 1Q101(w(,iJI I=ltNE1iJ=lt3)
READ 1O1,HGi.J1}I1,NE1.J1.3l
RLAD O100. LGi I PI11 931
GO TO 2

1 CALL ELAGPOiNELP?
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2 IF(LLL.GT.l)GO TO 201
PRINT 104
DO 20291=1,3

202 PRINT 102lW(N9IlN=19NE)
PRINT 105
DO 212 1=1,3

212 PRINT 102,(G(NI)9N=1,NL)
2(11 [3~.14t'026b35oY93{923646

P12=2.*PI
ATR=PI/180.

C
C COMPUTE THE R-MATRIX

DO 10 I=1,NE
10 CALL CODTRF(I)

IF(LLL.GT.O)GO TO 203
DO 204 I=1.3
DO 204 J=1.3

204 PRINT 1029 (RMAT(LIlJ),L=1,NL9l0)
C
C DETERMINE FIELD POINT ANGLES

203 READ 101,IFIti1,11,NCI
101 FORMAT( 8F10.6)

C
C ENTER SCAN ANGLES

READ 1O1,FIO.TAO*TAPI.TAPF
FIO=FIIO*ATR
TAOTAO*ATR
TAPIR=TAPI*ATR
TAPFR=TAPF*ATR
TAINC=iTAPFR-TAPlR)/(tNP-1)
TAAINC=TAINC/ATR
JN=(NP-1)/3
COTAO=COSF(TAO)
SITAO=SINF(TAO)
COFIO=COSFlFIOI
SIFIO=5INF(FIO)
xP=SITAO*COFIo
YP=SITAO*SIFlO
ZP=COTAO*LBP+1.0-LBP
DO 70 K=1NE
BPK=W(K,1)*XP+W(KP,2 )*YP+ W(K,3)*LP
BPK=BPK-iNTF (PK)
IFCNbP.GT.1O) GOTO 73
BP(K)=0.
DO 71 N=1,NbP
B11.J/2.**N
IF(BPK.LE.B131)U TO 72
BPK=BPK-o1
BPCK)=BI+BP(K)

72 IF(N.NE.NBP)GO TO 71
RtRANF(-1)
IF)R.LT..5)GO TO 71
BP(K)=b1+BP(K)

71 rflrNiTuIVI
GOTO 70

73 BP(K)=bPK
70 CONTINUE

C
C COMPUTE PATTERN
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DO 20 L=lNC
FIl I )=FI lI )*ATR
TA=TAPI R
COFIUP=COSF(FI (il)
SIFIUP=SINF(Fl(I)I
FNOR=O.
DO 30 J~1,NP
COTAUP=COSF (TA)
SITAUP=SINF(TA)
CALL DPRMAT (COFIUPSIFIUPCOTAUPRSITAUPsDMATUPS
IFILLL.GT.O)GO TO 211
JMOD=MOUJsJNT
IF(JMOD.NE.l)U TO 211
TAANG=TA/ATR
PRINT 109,TAANG
PRINT 102,1 tDMATUPLtM) *M-133) .L=lt3)

211 00 31 Ll,.3
31 CRtL)=CI(L)=o.

XF=S ITAUP*COFiUP
- r 7 TA ?f.*L C F)U

ZF=COTAUP

C SUM THE ELEMENT CONTRIBUTION
DO 40 K-1,NE
COF=COFIUP
SIF I=SIFIUP
COTA=COTAUP
SITAMSITAUP

C
C TRANSFER ANGEL FROM UNPRIMED COORDINATE TO PRIMED COORDINATE

CALL ANC-TRF(COFI:S!FI-fOTA-SITAKoLjG)
IF(LLL.GT.O)GO TO 209
KMOD=MOD(K. 10)
IFCKMODNE.1 .OR.JMOD.NE.1)UO TO 209
PRINT 1O8,K
PRINT 102*COFI*SIFItCOTASITA
PRINT l1Z2(A(L)#L=lt3),(B(L)#L=13)

C
C FORM D MATRIX

209 IF'.LJO.LE*.OGO TO 40
CALL DPRMAT(COFISlFitCOTASITADMAT)
IF(LLL.GT.OJGO TO 205
IF(KMOD.NE.l .OR.JMOQ.NE.1lOU TO 205
PRINT 102. ( VDMAT (LitM) PN= I3)thL= I,3}

C
C ENTER ELEMENT PATTERN FUNCTION
205 CALL ELPAT(COFItSIFICOTA*SITA*LP)

C
C PERFORM MATRIX MUILTIPLICATIONS

CALL MATMOTIK)
IF(LLL*.T.O)GO TO 207
IF(KMOO.NE.l .OrI..JMOD.NE.1)GO TO 207
PRINT 102*iTEMPiL) sL=ls3i

C
C FIND THE PrASE

207 PHASE= W(Kill*XF+W(Ks9l*YF+lWK,31*ZF
PHASE=PHASE- I NTF (PHASE)i
PHASL=PI2*(PHASL-BP(K)1
PRE=COSP {PHASt-
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PIM=SINF (PHASE)
C
C FORM PATTERN FUNCTION

DO 41 L=1,3
CR(L)=CR(L)+TLL!PCL)*PRL

41 CICL]=CI(LP+TLMPCLF*PIN
40 CONTINUE

UO 32 L=1,3
FMAT(J3Ll=CR(L)**2+CI1(L)**2

32 IFCFMAT(JULl6T*FNOR)FNOR=FMATJUoL)
30 TA=TA+TAINC

XSL=TAPF-TAPI
NX=XSL
IF(l.EU.1)GO TO 21
CALL REZERO

21 CALL FRAMECXM.YM,XSLYSLoNX.NYTAPII
IF(LLL.GT.21G0 TO 213
PRINT 107,FNOR

C
C PLOT ANTENNA PATTERN

213 DO 60 K=1,3
TA=TAPI
LM=0
DO 50 L=1,NP
FMATCL.K)=FMAT(LK) /FNOR
IFCK.LE.1)GO TO 50
IF(FMATCLsK).UT.o.O000001)GO TO 52
FMAT(LPK)=-YSL
GO TO 53

52 FMATCLKI=10.*ALOG1O(FMAT(LtK)K
53 Y=YM*C1.+FMATCL.K)/YSL)+SY

X=CTA+90.0)*XM/XSL
IFIY.GT.5Y)GO TO 56
Y=SY
GO TO 54

56 IFCY.GT.SYM)Y=SYM
IFCK.GT.2)GO TO 54
IFCLM.GT.O)GO TO 55
CALL SYMbOL(XY.06,3,0.,-1)
GO TO 57

55 CALL SYMbOL(XtY.06,3,0.,-2)
GO TO 57

54 IFCLM.GT.O0)GO TO 51
CALL PLOT(XY,3)
GO TO 57

51 CALL PLOTlX,Y,2)
57 LM=1
50 TA=TA+TAAINC

IF(LLL.GT.2)GO TO 60
PRINT 103oK
PRINT 106,CFMATCJK),J=1,NP)

60 CONTiNUE
20 CONTINUE

PRINT 11091BPCKI K=1,NE)
110 FORMATI//,10X.*STEERlNG PHASL*,//C(10X,10F12.6S)

GO TO 93
99 CALL STOP PLOT
100 FORMAT(6I5I
102 FORMATC /C10Xs10L12.3))
103 FORiMATC//t20X,*ARRAY PATTERN CDI)*,5X,*K=*,15)
104 FORMVAT(//,?2X,*ELELENT LOCATIONS*)
105 FORMATC//,20X,*ELEiMENT ROTATION ANGLES*)
106 FURMATC//f,10X,10F12.6H)
107 FORMATi//1U0X,*ARRAY NORMALIZING FACTOR*95XFI5.o6
108 FORMAT(//910X,*ELEMENT4,I5)
109 FORMATC//,20X,*AZIMUTH ANGLL=*#F6o2I

END
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SUBROUTINE ELAGPONELP)
C THIS SUBROUTI;\L IS FOR A DOUBLY CURVED) SURFACE

COMMON/2/G C 1OUD0 31 Si (1000o3)
COtMMON/6/L6(3).AC3),dI3)

C GoROUND PLANE IS ON XZ PLANE
LO (1) =LG( 3-0
LG(21=1

C NRY.NQ OF ROWS IN Y DIRECTION
C NCX* NO OF COLUMN IN X DIRECTION
C AX, X-DIRECTIUN APERTUREo IN YYAVELLNGTNS
C AY. Y-DIRECTION APERTURLP IN WAVLLLNUTHS
C RXi RADhUS OF CSSKVATUltL lI\t X DlltuiC(Ilut\
C RY, RADItuS OF CURVATURE IN Y DIRECTION

PI=3.14159265358979323646
P IH=Pi/2.

C LP=O. HORIZONTAL DIPOLES* LP=l, VERTICAL DIPOLES
C THE FlNST ELEMENT STARTED AT -X AND -Y

READ IOUNCXtN lxRYAXqAY.R.kRYqLP
100 FORMAT(215,4FI0b,123

PRINT 101 ,NCXqNRYsAXAYRXqkYPLP
101 FQRMATL10XX2I5i4F1O.4s15)

IF(RY.EQ.O. 5GO TO 2
ARCY=ASINFI *5*AY/RY)
ARCY=2.*ARCYH
ARCYINC=ARCY/INRY-1)

t tCre>vfra rk wrfl Trn '

ARCXH=ASINFC .5*AX/RX)
ARCX2 .*ARCXH
ARCXINC=ARCX/CNCX-1?

3 IFCNCX-1.EQ.0)GO TO 8
DX=AX/ NCX- 11

8 IFCNRY-1.EQ.C2GO TO 9
DY=AY/ CNRY-1)

9 AUGY-AUf>X=O.
LL=O
DO 10 I=1sNRY
IFCRYeV.T - - 'rf TU 4

YSC= l -)*DY-AY/2.
25=0 O.
AUGYY-O.
GO TO 5

4 AUGY=(I-1)*ARCYINC-ARCYH
YS=RY*SINF(AUOY3
ZS=RY*COSFIAUUY1-RY
AUGYY=AUGY

5 DO 10 J=I.NCX
LL=LL+l
IF(RX.GT.O.)GO TO 6
XS=(J-1)*DX-AX/2.
ZXs=.~.
AUGXX-O.
GO TO 7

6 AUGX=(J-1)*ARCXINC-ARCXH
XS=RX*SINF(AQUXI
LXS=RXOC0SF(AUGX)-iKX
AUGXX=AUGX

7 WCLL9i)=XS
WILL52)=y5
WitLL KIS+ZX5

* When the array elements are uniformly spaced.
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IFCLPUT .0IGO T0 1
G(LL91)=PIH+AUGX
G4L L 2I=LAivG v
GiLL93I-PIH
GO TO 10

1 G IGLL.1)PIH-AUGY
GiLL.2) AUGXX
G( LL .3 =0.

I0 CONTiNUE
NE=LL
RETURN
END
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SUBROuTINE ELAGRO(NEsLP1
C THIS SUdROUTINE 15 FOR A DOUbLY CURVLD SURFACE

COPMMON/2/G(IOwUO3,gI~vloOo,3]
CQN¢MON/6/LG(3) .A(3) 6(3)

C- GROUND PLANE IS ON XZ PLANE
LGll)=LG(3)=0
LG42) =

C NRY'NO OF ROWS IN Y DOklECTIUN
C NCX. NO OF CULUWIN IN A L'h•ELThlm
C AX. X-DiRECTION APLRTUiL, vi vNAVELENbIrIb
C AY, Y-OLRECTLON APERTURE, IN YAVLLLNGU-IH
C RX, RADIOS OF CURVATURE IN A 4I-(LCt IuN
C RYf RADIUS OF CURVATURL IN Y DIRECTION

P1=3*1415926 3)B979323 d 46
PIH-P1/2.

C LPO, HORIZONTAL DIPOLES. LP=ls VEkTICAL DIPOLES
C THE FIKST ELLMLNT STARTED Al -X AND -Y

AEAD lOOrNCXr>qhY,AX,AyWSRt,LP
100 FORMAT)215,4FIO.b6tI21

PRINT 101,NCX9NRY9AXAYtRXr<YLP
101 FORMATI(OX,2I5>4F10445)5

IFWNRY-i.EQ.Co GOTO8
DY=AY/CNRY-1)
GOTO 20

3 DY=o.0
Zo IF(NCX-1.EO.O) GOTO 9

OXAX/LNCX-1)
GOTO 22

9 DX-O.Q
2Z AUGY-AUXK=Q.0

LLzO
DO 10 i=11NRY
YS=(1-1)*DYsY-AY/2.D
iF(RY.GTO.1 U0TO 4
Z S=~O * 0
AUGYY=0 . O
GOTO 5'

4 AUGY=ASINFIYS/RY1
ZS=RY*CUSF (AUCY 1 -RY
AUGYY=AU&1 Y

5 DO 10 J-l.NCX
LL= LL+s1
X5z(J-1 )*DX-AX/2.O
IF(RX.UT.O.; 6UTO 6
ZXS-w.o
AUGXX=O.O
GOTO 7

6 AUGX= ASLNF(XS/RX)
ZXS=RX*COSF l AUQA ) 'tX
AUGXX=AUGX

7 W(LL,1)=XS
W(LLsZ) =YS
W4 LL .3)=ZS+ZXS
IF(LP*GT.O)Go TO I
GitL r)s1=PIh-+AUOX
G)LL,2 1=AUGYY
G(LL,3)=PIH
GO TO TO

*Whe tLL*=yPNelAU rY

*W~hen the array elements are projected uniformly spaced.
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CGLL ¶ ) =AALGXX

G I LL C ) 3=C-
10 CONT1NUL

NDOLL
k L 1TUN, 
END
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SU6ROUTINE ELAO}PO(NELP)
C THIS SUBROUTINE 15 FOR CONIC ARRAY

COMMON/2/GCl0U03),Wi1OGOO3}
COMMON/6/LGIf 3a ,oAC3JLJ3

C MM, NUMBER OF ROWS
C RB. BASE RADIUS
C ARC, CONE ARCH
C TC CONE ANGLE
C DXt SPACING IN X-DIRECTION
C DY, SPACING IN Y DIRECTION
C LP=O, HORIZONTAL DIPOLES. LPi, VERTICAL DIPOLES
C LRT=1. TRIANGULAR GRID
C LRThU, RECTANGULAR GRID

READ 100,MMRbtARC*TC.DXDY LPPLRr
100 FORMATIZS,5F10.62I22)

PRINT 101,MMoRBARCsTCDX ODYLPiLRT
101 FORMAT(iOXI5,5FO.'4v,215)

C GROUND PLANE IS ON XZ PLANE
LG(1)=LGC3)=0
LG(231-

2 PI=3.141259265358979323846
PIH=PI/2.
ATR= I/1ao.
TC=TC*ATR
ARC=ARC*A rR
ARCH=ARC/2*
TTC=TANF( TC)
1=0

DO IC M=1,MM
IMOD=MODM-l f2 1*LRT
R=RU- (CM-1) *DY*TTC
RL=R*ARC
D0R*Si NFlfARCH 
NN=RL/DX+I
ARC INLczARC/ (NN-1 I
NN=NN- INOD
DO ID J=1,NN
I = 1+1
AUGi l-J-.5'*IMODI*ARCINC+ARCCH
W 1.2 ,1COSF(PIH-AUGI*R
W( I ,2)=Y*(M-1)
1(I 03) SINFCPIH-AUGY*R-D

IF(LP.7.Q)G60 TO 3
Gf 1 1.) =AUG+P Ir-
G ls2)rzTC
Gitl ,3)tPIH
GO TO Ig

3 G(I*1)=PIH-TC
04 ,2)=AUG
G i .13 ) -.

10 CONTINUE
NE i
RETURN
END
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SUBROUTINE CODTRF(L)
COMMO-N/1/PLTARJAVC 2541 *FMAT( 1 fno f .,)
COMMUN/2/GCUUUQ, 3 ¼*hC11000g*3 4
COMMON/3/RMAT(1000.3,3),DMATl33s),LMATI3).TEMP(3)
DIMENSION AC3t3)4,C3.3).C(3#3)
COX=COSF(G(Ltl) 1
COY=COSF1G (L2 )
cOZ=COSFCGCLsOJ }
SIX=SINFCGCL.1))
SIY=SiNF(GCL.2) )
SIZ=SINFIG(L.34

C FIND THE X RATATION MATRIX
C~lo,)1I.
C1l,2)=C11.3)=C(121)=C(3,14 )oe
CC2,2)=C(3.3) COX
C(3,2)=SIX
C42.34=-SIX

C FIND THE Y ROTATION MATRIX
B I 1 ,11= b (3,3) -COY
311.3 )=SIY

BC3,11=-SIY
B11.2)=B(291)=b(2.31=bC3q2) =0.
8 C 2 , 2 ) = 1.

C FORM MATRIX PRODUCT
i-n 1f i-I _1 
vv- -Lwv -* J.IJ

00 10 J=1.3
AC 1 .J)=0.
DO 10 K=193

10 AC I.J)=ALI.,J)+B1 IKJ*CCKJ3
C FORM Z-AXIS ROTAT+ON MATRIX

C(lI,)=C(2.2)=COZ
CC2 ,1 )=S1Z
CC192)=-5IZ
C(1,3)=C(13,4=C(3p2)=C12,3)=0.
CC 3.3)=I.
DO 20 1=1*3
DO 2-0 J=1,3
RMATIL,1 4J)=0-
DO 20 K=1,3

20 RMATCL.1,J)=a)RMATCL, I3J+C11,KI*A(KtJ)
RETURN
END
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SUBROUTINE DPRSATaCOFISIFI .COTASITADMATI
DIMENSION DMAT(3,3)
OMATi 1,l4=] TA*COFi
DMAT (1.24=COTA*COF I
OMAT(1 t31=-SLFI
OMlATl2v1 =SITA*5sFl
DMAT(2,24=COTA*SIF1
DMAT ( Z.31=C0FL
DMAT (3.1 =COTA
DMAT(392)=-SITA
DMATt3.3 =0.
RETURN
END
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SUDROLUTINE ANTRF (4COF I ,SIF I (COTASITALLJG)
CUkiiUMON/3/RAT ( 1000,3 .3 ),DMAT ( 3 *3 ) 9MAT( 3 iTEMP( 3
COMMON/6/LG(34,A(3),6(3)
LJG=1
814 5) =lTA*COF I
Bl 2 1 =b1TA*SIFI
Bi 3 ) =CUTA
DO G 20 17=1 i3
Al 14=-0.
DO 1V K=1,3

10 Al I)=AI 4)+RRATCLKAI i4 %(K 
IF A(1A.IjE.O *UR.LudIC;.LT.1 400 TO 20
LJG-U
GO TO 9

2U CONTINUE
COTA=A (34
IF(ALISCOTA).GT.1..)COTA=Si(GNC1isC3)I
SlTAn-S:RTC 1.-COTA**2)
IF(AbS(A(Cl14.uTil*L-10k3O Tu 1
COFI -0.
S IF I =i.
GO To 2

1 TGFIVA(2)/A(1)
COFI=SC-T(C1./Il.+TGFl**21
SIFI SURT(C.-COFI**2)

2 COFI-SIGNFCCOFIACT))
SlFI=SiGNFCSIFIA(2))

99 RETURN
END
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HSIAO AND RAO

SUBROUTINE ELPAT(COFiSIFUCOTASITALPI
COMMON/3/RMAT(l000s3,3lsDSMAT13 s34SLEMAT (34TEMP(34
FMAT741 4.
EMAT124=-SITA*ILP-1I
EMAT(34=SITA*LP
RETURN
END
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SUBROUTINE MATMUT(Ll
COMMOX' l/PLTARRAY(25N4,) FMATi1000,3)
CUMMON//3/RN1AT'- OO,3,3) ,D:-iATC(39)34,LATC3CoTLMPC3)
COMMON/5/DMATUPC3,3)
DO 10 1=1,3
TEMPS ( C =0.
DO 10 J=1.3

10 T LMP C I4TEMPLCP(I)+uMIATCI J.4 iE14AT(J4
DO 2u 1=1,3
EMAT ( 1)=0.
DO 20 J=1,3

20 EMAT( I =EMIAT( I )+RrNTCLoi ,J)*TEMPCJ)
DO 30 1-1,3
TEMP i'J =0.
DO 30 J=1.3

30 TEMPCI1=TEMP 4I1+DMATUPC J§II *NMAT4J4
RETURN
END
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SUBROUTINE FRAMECXMvYM#XSLYSLtNX*NY*TAPI)
C NX.NVMBER OF DIVISIONS ON X-AXIS
C NYNUMBER OF DIVISIONS ON Y-AXIS
C YMeMAX LENGTH OF Y-AXIS IN INCH
C XMoMAX LENGTH OF X-AXIS IN INCH
C SY=SHIFT OF ORIGIN ON Y-AXIS
C HN= HEIGHT OF LABELING CHARACTER IN MULTIPLES OF 0.035
CXSFLYSL-X-AXlS.Y-AXIS SCALE
C LL=lFOR Db SCALE.LL=0.FOR ABSOLUTE VALUE

COMMON/l/PLTARRAYI254) .FMAT(1000,3)
5SY=2.
HN= 5.
YMSY =YM+SY
HLAb=HN*.035
HLAS=-HLAB+. 035
WLAb=4.*HLAB/74
XSCL=XSL/NX
YSCL=YSL/NY
DY=YM/NY
Y=SY
NNY=NY+1
CALL PENCHG112I
CALL PLOTI0*n.SY,3)
CALL PLOTIXM.SYw2i
CALL PLUT(XM.YMSY.2)
CALL PLOTt(.,YMSYi21
CALL PLOTCO..SY,2 
CALL PENCHG111i
DO 10 J=19NNY
CALL PLOTIO..Y#3)
MODY=MOD(J-41*-
IF V .Y.NE.b0)O TO 11
CALL PLOT(-.2*Yt2)
A-YSCL*(J-I I -YSL
CALL NUMBER(-7*5*WLABY-HLAB/2..HLAB.A0.e94HF4sO)
GO TO 10

11 CALL PLOT(-.1',s24
10 Y=Y+DY

X=o.
DX=XM/NX
MNX=NX+L
DO 20 Ki tNNX
CALL PLOT(X.SY,3)
MODXMUOD(K-1.101
IFIMODX.NE.O}GO TO 21
CALL PLOTCXSY-.2.21
A=(K-1 )*XSCL+TAPI
CALL NUM-NBER(X-3.5*hiLASY-FLAb*2.5 eHLAB*A*0. ,4H1-F4O)
GO TO 20

21 CALL PLOT(XSY-.1*2)
20 X-X+DX

CALL SYM4BOLl.5*XM-2 O .*WLAB ,-5.*HLAB+SY HLAS22CIAZLIMUTH ANGLEIDEGR
friFc1 rv.f .7 71

33 CALL SYMBOL (-9.0*WLAbUYM/2*+SY-13.7*WLAB rHLASIiHARRAY PATTERNID8
C) t90. fI7)

32 CALL PLOT (O.U.,93
END
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SUBROUTINE PENCHGC IP)
RETURN
END
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